Introduction
Atmospheric structure in the lower troposphere over high-alpine terrain is still poorly defined [Blumen, 1990] , despite the importance of the European Alps, Rocky mountains, Andes and Tibetan plateau on synoptic and global-scale circulation of the atmosphere [Barry, 1992] . Exchange of airmasses from the convective boundary layer (CBL) into the free troposphere (FF), or venting, is aided by mountain ranges [Kossmann et al., 1999] and may thus affect the spatial and temporal distribution of aerosol properties. Hence CBL depth is a fundamental variable in boundary layer (BL) research. While airborne aerosol lidar is being increasingly used to investigate CBL evolution, most investigations have so far only considered flat terrain [Cooper and Eichinger, 1994] , coastal mountainous regions [McElroy and Smith, 1986] or pre-alpine terrain [McElroy and Smith, 1991] . In order to study CBL evolution over high-alpine terrain, an airborne campaign was conducted over the Jungfraujoch (JFJ) research station (46.55øN, 7.98øE; 3580 m; Switzerland). Favorable conditions for an observational case study were encountered on July 30, 1997, when a nadir-pointing aerosol lidar (wavelength)• = 532 nm) aboard the German Aerospace Establishment (DLR) Falcon 20 jet aircraft [Kiemle et al., 1995 ] obtained a dataset with high temporal and spatial resolution of atmospheric structure below 8 km.
Meteorological Conditions
Synoptic conditions were such that a high-pressure ridge extended Figure 2D , which persisted to a lesser extent tbr at least two houm until the last transect. Further evidence of the spatial extent of the intrusion is seen at 1520 LST in transect 04 (Figure 3) , oriented orthogonal to transect P3. Based on these results and other iidar transects (not shown), only one large intrusion was observed to occur, whose horizontal spatial extent (-• 15 x 25 km) corresponded approximately to that of terrain above the snowline. These katabatic intrusions arise from the cold air directly above ice/snow surfaces resulting in the sinking of FT air. Aerosol and meteorological records at the JFJ (discussed below) and the Eggishom automatic station (Fig, I ; point E) confirm this intrusion, but also indicate that such occurrences are not common. The time period during which FF conditions prevail is therefore provisionally defined here as 0300 -0900 LST, and the remaining period as BL conditions. A similar diurnal cycle, beginning 2 houm later under similar synoptic conditions, also occum at Coile Gnifetti and suggests CBL growth to above 4500 m, but would require confirmation with for instance an aerosol airborne iidar.
Evidence of substantial CBL growth and a diurnal variation in
While the onset of CBL conditions is evident in the aerosol record, the time at which the CBL "collapses" and a new nocturnal BL forms is more difficult to estimate. Due to the presence of residual CBL layers windward of the JFJ, which attain a maximum height of 3800 m over the Emmental region ( Figure 2E-F) , FF conditions are only restored once these layers have been advected away. Figure 2 indicate that the transport mechanism of airmasses to the JFJ depends mainly on CBL growth, rather than on local thermally-induced winds. Although some evidence for these winds are seen in Figure 2E -F, on the northern flank of the JFJ massif (46.56 -46.58øN) as a local increase in B, they are expected to be less significant due to the aspect and snow/icecover of the incline [Baltensperger et al., 1997] .
Transects in
Long-term results have also been analyzed according to the synoptic Alpine Weather Statistics (AWS) scheme [Schiiepp, 1979] . Figure 4A for CBL airmass exchange with the FF over Europe [Chin and Jacob, 1996] . These translate into a vertical flux oI --6.5 + 2.7 kg km -2 day -I over the Alps and a yearly average value of --1 kg km -2 day -I for Europe using the horizontal dimensions given above. As this estimate for aerosol export to the FF via residual layers is based on a number of assumptions (point measurements at the JFJ, well-mixed CBL), interpretation should be restricted to the specific meteorological conditions encountered on July 30, 1997. Applicability of our results on a spatial alpine-wide scale is suggested by radiosoundings, while on a temporal scale, further airborne lidar data during different seasons and meteorological situations are required. However, as a first-order estimate, mountain-induced venting may only be an important mechanism under certain synoptic conditions during summer months.
